This paper examines how an appreciation of the currency of the People's Republic of China (PRC)-renminbi-affects the country's exports in the context of production fragmentation, using a panel data set of the PRC's trade for 1992/93-2008/09. It constructs two exchange rates for renminbi: one is a bilateral real exchange rate and the other is a real effective exchange rate against East Asian component suppliers. It is found that appreciation of the renminbi would somewhat offset a reduction in the volume of the PRC's exports induced by lower importing costs of components. Hence, evidence casts further doubts on the efficacy of further unilateral reform of the renminbi exchange rate regime on correcting trade imbalances.
INTRODUCTION
The People's Republic of China (PRC) has recently overtaken Germany to become the world's largest exporter, having increased its share of world exports to almost 10%, up from around 3% in 1999. This rise of the PRC as a trading powerhouse has created concerns in world policy circles. Industrial countries are concerned about the growing size of the PRC's trade surplus with them, and it is the subject of intense debate, particularly among United States (US) policy makers. It is claimed that the PRC's currency (renminbi) has been kept at a deliberately low level in order to give a competitive edge to the PRC's exports in the world market.
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In this policy context, this paper examines the PRC's export elasticity to exchange rate changes from a viewpoint of the PRC being a base for assembling operations of exporting final products. There has been a proliferation of studies examining the implications of the PRC's export responses to changes in exchange rates (Marquez and Schindler 2007; Ahmed 2009; Cheng, Chinn, and Fujii 2010; Thorbecke and Smith 2010; and Thorbecke 2011) . Most of these studies estimate the export elasticity of real exchange rate changes based on the imperfect substitution model between foreign and domestic goods using timeseries data using the PRC's custom trade data. It is found that changes in renminbi rates alone have a minor impact on the PRC's exports. However, the degree of export price elasticity increases once exchange rate changes in currencies of East Asian economies that supply parts and components to the PRC are taken into account. This makes sense, since most of the value-added in the PRC's exports comes from East Asian economies.
The concerns of developing countries are based on "the PRC fear", that fierce export market competition with the PRC will eventually crowd out their export opportunities and growth prospects. Hence, the recent announcement of a move into a more flexible exchange rate regime for renminbi against the US dollar by the central bank of the PRC is a pressing global issue. This paper further extends the literature in the following ways. First, we construct two components of exchange rate changes for renminbi: one is a bilateral real exchange rate of the renminbi, and the other is real effective exchange rates of renminbi against East Asian component suppliers. Using these two components of renminbi exchange rate indices leads to a more nuanced and richer understating of the PRC's export elasticity to exchange rate changes. Second, most existing studies use highly aggregated and time-series PRC trade data. This paper constructs a panel of bilateral PRC exports to Organisation for Economic Co-operation and Development (OECD) countries for 1992/93-2008/09 at the 2-digit industry level. It will be shown that the degree of export elasticity to exchange rate changes will be higher in the relatively capital-and technology-intensive industries which form the bulk of imported parts and components coming from East Asian economies.
DEBATE ON RENMINBI AND TRADE ELASTICITY
With rapid technological progress and increased cost pressures in the home country, multinational enterprises (MNEs) increasingly set up assembling centers in locations where they source intermediate inputs and parts and components from various economies and assemble them into final goods for export. As a result, MNEs have created extensive production networks, particularly in East Asia. In this process the PRC plays a pivotal role as an assembling center for a wide range of manufacturing products by importing parts and components from other East Asian economies (Athukorala 2009) . A standard analysis on the effects of exchange rates on exports is no longer appropriate for analyzing export elasticity to exchange rate movements when imports are sourced from one set of countries and final assembled goods are exported to another set of countries. An appreciation of real exchange rates usually makes foreign export goods more expensive while making the imported input more affordable. This eventually reduces the sensitivity of exchange rate changes on export responses, as compared to the normal adjustment case. Hence, the net effect on export response is an interesting empirical question to be examined.
Based on this idea, a number of investigators have examined the PRC's export elasticity to changes in renminbi exchange rates (Marquez and Schindler 2007; Ahmed 2009; Cheng, Chinn, and Fujii 2010; Thorbecke and Smith 2010; and Thorbecke 2011) . These studies use the trade data separated into processed and ordinary trade published by the PRC Customs Statistics.
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While these studies provide a useful starting point, it is still unclear how changes in exchange rates affect the PRC's exports. For example, Thorbecke (2011) uses real effective exchange rates (RERs) from the International Financial Statistics (IFS) of the International Monetary Fund for the exchange rates of the PRC and suppliers. However, the IFS's real effective exchange rates make it hard to interpret precisely the relationship between changes in exchange rates and the PRC's exports. It is found that a joint appreciation of renminbi and supplier RERs would decrease the PRC's processed exports much more than an appreciation of the renminbi RER. However, the RER index from the IFS is essentially the trade-weighted average real exchange rate movement of all important trading partners for a supplier. This means that an appreciation of a supplier's RER might be driven by changes in other trading currencies, not only changes against the renminbi. Hence, an interpretation of suppliers' RERs becomes less clear-cut without directly linking them to changes in the renminbi. We will takes this limitation into account in the proposed measure of exchange rate (detailed construction of indices will be explained in section 3).
Processing trade includes imports that enter the country duty-free and will be incorporated into exported goods, and export based on processing imports. This distinction in the PRC's exports is crucial since a driving force behind PRC export growth in the past three decades has been processing exports. Thorbecke (2011) constructs an integrated exchange rate, combining effective exchange rate (RER) for renminbi and RERs of nine economies that supply components to the PRC (Germany; Japan; Republic of Korea; Malaysia; the Philippines; Singapore; Taipei,China; Thailand; and the US). The major finding is that the larger impact of exchange rate changes on the PRC's processed exports was found once allowance was made for exchange rates for East Asian economies supplying parts and components to the PRC. The basic idea underlying the integrated exchange rate is that the bulk of the value added in the PRC's processing exports is drawn from those economies supplying components to the PRC.
EXPORT PATTERNS OF THE PEOPLE'S REPUBLIC OF CHINA
This section highlights the important features of the PRC's manufacturing exports, in particular focusing on trade in finally assembled products, and parts and components. We utilize published international trade statistics on parts and components identified at the highly disaggregated 5-digit commodity level. Identification of trade in parts and components takes a systematic approach following the commodity classification system provided by the United Nation's Broad Economic Category (BEC) (Athukorala and Yamashita 2006; Yamashita 2010 Yamashita , 2011 ). 3 Among seven major commodity categories under the BEC, industrial supplies (BEC 2), capital goods (BEC 4), and transport equipment (BEC 5) include a subcategory for parts and accessories. We then match those parts and components identified in the BEC classification with the Standard International Trade Classification (SITC) in revision 3. As a result, we identify 264 items belonging to either SITC 7 (machinery and transport equipment) or SITC 8 (miscellaneous manufactured items including clothing, toys, and travel goods).
4 Figure 1A depicts the rise of the PRC in world manufacturing exports. In 1992/93 the PRC's exports only accounted for around 2% of world exports. However, export growth in the PRC took off around the early 2000s when the country joined the World Trade Organization. Since then, the PRC has achieved formidable export expansion, overtaking Germany for the position of the world's largest exporter in 2007/08, accounting for 12% of world manufacturing exports. While the PRC's export share has been growing without any disruptions, the world shares of Japan, the US, and Germany have not grown since 2000. At the same time, the PRC has also been becoming an important importing country ( Figure  1B ). While the US still has the largest share world manufacturing imports (around 15%-20%), its share has been declining since 2000. At the same time, the PRC's share has been steadily increasing, accounting for close to 9% in 2009, up from 3% in 1992.
We define finally assembled products which are not specified as components within the machinery sector. 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 The rise of the PRC's presence in world trade also involves a product compositional change in the PRC's manufacturing trade. Data presented in Table 1 clearly suggest a change of export specialization away from relatively labor-intensive products towards more capital-and technology-intensive products. In 1992/93, miscellaneous manufacturing (including clothing, footwear, and toys) accounted for around 50% of the PRC's manufacturing exports, but this has steadily declined to 26% in 2008/09 (Table 1A) . Within this decline, the export share of clothing declined substantially, from 24.7% in 1992/93 to 9.2% in 2008/09. However, it should be noted that, while the importance of labor-intensive products has been declining in the PRC's export composition, their presence in the world export market has been increasing. The PRC's export share of clothing (SITC 84) accounted for 13.7% of world exports in 1992/93, increasing to 34.3% in 2008/09; the share of footwear was 35.7% in 2008/09. In addition, travel goods and handbags (SITC 83) contributed 39.1% of the world share in 2008/09 but only accounted for a small share (1.1%) of the PRC's export composition.
In replacing labor-intensive exports, the share of machinery and transport equipment (SITC 7) in the PRC's exports has substantially increased, from 20.0% in 1992/93 to 50.9% in 2008/09. In particular, an increase in information and communication technology products under SITC 75, 76, and 77 is noteworthy. The share of office machines under SITC 75 increased from 2.0% in 1992/93 to 13.4% in 2008/09, telecommunication sound equipment (including mobile phones) increased from 6% to 13%, and electrical machinery appliances rose from 5.9% to 12.5% over the same period. Accordingly, the world share of information and communication technology exports substantially increased (Table 1A) . At first sight, the data suggest that the PRC's comparative advantage is changing, away from labor-intensive export specialization into capital-and technology-intensive goods (Rodrik 2006 ). However, a closer examination reveals that the PRC's comparative advantages are still confined to relatively labor-intensive segments of final assembly activities, importing capital-and technology-intensive parts and components, as demonstrated by Athukorala (2009). The PRC's trade in miscellaneous manufactured articles (SITC 8)-mainly toys and clothing-shows a quite different pattern. ASEAN countries account for only a small portion of the PRC's imports and exports in this product category, while imports from the Republic of Korea and Taipei,China dominate-around 40% of the PRC's final goods imports in this product category come from these two East Asian economies. On the export side, the majority of the PRC's products are directed towards Japan, the US, and the EU 15 countries.
In summary, Table 3 clearly suggests that the PRC plays a major role as a final-assembly country. The majority of the PRC's component imports are sourced from East Asian economies including Japan, while final-product exports are directed towards the US and EU 15 countries.
EMPIRICAL ANALYSIS
This section undertakes gravity modeling to estimate export elasticity of exchange rate changes. As theoretically and empirically demonstrated in Baldwin and Taglioni (2011) , a standard formation of the gravity equation may not be appropriate for explaining trade flows where trade in parts and components are prevalent. As shown in section 3, this is the case for the PRC's trade pattern. In essence, the PRC primarily imports parts and components from other East Asian economies, and then exports assembled products to the US and EU 15 countries. Hence, it is hard to identify the demand and supply forces in modeling of the PRC's exports that includes imported parts and components. A typical gravity equation postulates demand and supply in a bilateral trade relationship, simply represented by gross domestic product (GDP) and GDP per capita of importing and exporting countries. However, GDPs of importing countries might not strictly represent demand for imports because of the presence of parts and components in imports.
Because of this, we focus on the PRC's export of final goods excluding the value of parts and components. The analysis incorporates two exchange rates for renminbi. The first one refers to the real bilateral exchange rates (BERs) between the PRC and its importing economies. The second one is the effective exchange rates (RERs) of renminbi against currencies of component sourcing economies (the variable definition given below). The regression specification takes the following form:
where i denotes importing economies, j is industry, and t is year. The dependent variable (CHE) is the export volume of final products from the PRC to a set of trading partner countries (US and EU countries). Z is a vector of variables (other than exchange rate variables) that determine the volume of the PRC's final goods exports. BER denotes real bilateral exchange rates for renminbi against currencies used in importing economies (defined as foreign currency per yuan). Hence, an increase in BER means appreciation of the renminbi. The expected sign for BER is negative. RER is renminbi real effective exchange rates computed at the SITC 2-digit level (see below for a formula). The computation closely follows the industry-level computed RER in Goldberg (2004) . The symbol ln before a variable denotes the natural logarithm; ε is a random variable that is independent and identically distributed (i.i.d.). normal with mean zero and variance u u
As shown in section 3, the PRC's component imports come mainly from East Asian economies, and the PRC's final product exports are mainly destined for industrial countries in North America and Europe. Hence, in construction of relevant exchange rates, we use renminbi's RER against the currencies of nine East Asian economies (Hong Kong, China; Indonesia; Japan; the Republic of Korea; Malaysia; Philippines; Singapore; Taipei,China; and Thailand) for component suppliers' RER. This will minimize high correlation between BER and RER. Each industry is indexed in j at the SITC 2-digit level, and East Asian exporters to the PRC are indexed as c. The weight is determined by the share of that economy (c) in the PRC's component imports in each industry. The renminbi RER is computed as follows:
.
, where For a vector of explanatory variables contained in Z, a gravity specification is formed by including a constant-GDP of importing economies (to measure market size)-the distance between the PRC and trading economies, and a dummy variable for country pairs that share a common language. All variables except the dummies and the constant are in logarithm.
The data on bilateral trade at the 5-digit commodity level are drawn from the United Nations (UN 
RESULTS
We employ the fixed-effect model of the panel data estimation methods because it will address the multilateral resistance terms accounting for cross-country price variations in the gravity modeling (Anderson and van Wincoop 2004 , Feenstra 2004 , Baier and Bergstrand 2007 .
Of course, one limitation of the fixed-effect estimator for the gravity modeling is that it will automatically drop a time invariant variable (a geographical distance).
Regression results of the fixed-effect model are presented in Table 4 , and results for the fixed effect with time dummies are presented in Table 5 . Columns 1-3 report the regression results including all 2-digit industries of both SITC 7 (machinery and transport equipment) and SITC 8 (miscellaneous manufacturing). As shown in Table 1 , SITC 8 includes relatively more labor-intensive goods, such as clothing and footwear. The results for industries within SITC 7 are presented in columns 4-6, and columns 7-9 show results for products under SITC 8. We run separate regressions for two industries because the degree of imported parts and components contained in the PRC's final product exports might differ between industries. We expect higher elasticity of exchange rate changes for machinery and transport equipment (SITC 7) than for SITC 8 because imported parts and components are used. We also introduce renminbi's BER and suppliers-weighted RER in separate regressions because of high correlation between two exchange rate indices. Note: Standard errors in square brackets based on White's heteroskedasticity correction cluster by importing economies for SITC 2-digit industry level are given in brackets with statistical significance (two-tailed test) denoted as *** 1%, ** 5%, and * 10%.
Source: Based on the dataset explained in the main text.
Results in Table 4 show that an appreciation of the renminbi bilateral real exchange rates (BERs) on average would decrease the PRC's final product exports, as expected (column 1). A 1.00% appreciation of the BER would decrease the PRC's final product exports by 0.96%. Considering the fact that the renminbi has been pegged to the US dollar for most of the estimation period, this effect is quite large. An appreciation of the renminbi real effective exchange rate (RER) would increase the PRC's exports, as expected. A 1.00% appreciation of the RER would increase exports by 0.66%. These effects are found to be statistically significant at the 1% level. These findings show that renminbi's appreciation against both importing economies and component suppliers would have offsetting effects on the PRC's exports. However, once the BER and RER are estimated separately in columns 2 and 3 in Table 4 , the statistical significance of the BER is lost, although the estimated sign remains negative. Perhaps this is driven by high correlation between the BER and RER (the correlation coefficient is around 0.84). While the estimated coefficient for RERs in column 3 remains similar to the one found in column 1, it retains a 1% statistical significance. This makes sense, since most of the value added in the PRC's final exports comes from those East Asian economies.
We also found, as expected, that export elasticity is greater in machinery and transport equipment (SITC 7) than more relatively labor-intensive industry in SITC 8. A 1.00% appreciation of the RER leads to an increase in PRC exports of 1.15% (column 4), whereas the same effect only shows 0.30% in SITC 8 (column 7). Again, this difference in the estimated magnitude comes from greater use of imported parts and components in electronics and transport equipment. Table 5 presents results of the fixed-effect model with the year fixed effects. The results changed somewhat, although it is understandable that the year effects drive the time series component of increasing the PRC's exports in the estimation period. Now it is found that the estimated sign for the renminbi RER becomes negative, while that of the BER remains an expected negative. This implies that a 1.0% appreciation of the BER would decrease the PRC's exports by 0.6%, and also a 1.0% appreciation of the RER would decrease exports by 0.1% (column 1). In columns 2 and 3 of Table 5 , the estimate coefficients for both the BER and RER remain virtually the same with statistical significance. However, column 4 shows the expected signs for the RER-a 1.0% appreciation of the RER would increase the PRC's exports by 0.3%, which is lower than the move shown in Table 4 . Moving into column 7, the estimated coefficient for the RER for more labor-intensive products changes again. These findings show that the effect that exchange rates, especially the RER, have on the PRC's exports is quite sensitive to the specifications. Note: Standard errors in square brackets based on White's heteroskedasticity correction cluster by importing economies for SITC 2-digit industry level are given in brackets with statistical significance (two-tailed test) denoted as: *** 1%, ** 5%, and * 10%.
Source: Based on the dataset explained in the main text
We briefly summarize other variables. As found in other studies, income elasticity of the PRC's exports is found to be almost unit elastic and the income effects are larger in machinery and transport equipment (SITC 7). This is consistent with the finding of Thorbecke and Smith (2010) that income elasticity for technology-intensive products (such as digital cameras and laptop computers) is more elastic than relatively labor-intensive products such as clothing and footwear. However, the income elasticity is also not robustly estimated. In Table 5 , income elasticity shows an unexpected negative sign and is hardly statistically significant for all regressions. As found in Thorbecke (2011) , the World Trade Organization effect is found to be positive and statistically significant in all regressions.
CONCLUSION
Since the early 1990s, the PRC's rise as an exporting powerhouse has attracted much attention from policy makers around the world. Many accuse the PRC of unreasonably maintaining a low renminbi to maintain the international competitiveness of its exports. This paper contributes to this debate by examining the PRC's export elasticity to changes in the renminbi from the perspective of the PRC as a final assembly country in production fragmentation. The PRC's trade specialization is based on export processing, whereby final products are assembled using imported parts and components from East Asian economies and then exported to industrial countries. We have computed two exchange rates for the PRC's exports: one is a bilateral real exchange rate of the renminbi, and the other is a real effective exchange rates of the renminbi against East Asian component suppliers. .
Overall, we found that an appreciation of the renminbi against component suppliers in East Asian economies would offset a reduction of exports caused by the renminbi appreciation. This effect is greater in machinery and transport equipment industries, where reliance on imported parts and components remains high. This finding suggests that a bilateral exchange rate change of renminbi alone will not influence the volume of the PRC's exports or correct some of the growing trade imbalance between the US and the PRC. This paper even shows that there is a possibility that renminbi appreciation would actually increase the PRC's final product exports rather than decrease them. The policy implication is that use of the exchange rate tool is more complex and less predictable for economies that take part in supply chains than for those that export goods mainly containing a high proportion of domestic value added.
